We introduce a new device based on sub-wavelength resonant gratings. We built a silicon-on-oxide reflective binary grating for visible light that mimics the functionality of a blazed diffraction grating in a flat geometry.
Design and fabrication
Guided mode resonance (GMR) devices consist of a sub-wavelength binary grating etched in a high-index material designed to be able to guide light. The guided modes are scattered by the grating and, for an appropriate choice of the grating parameters, one can observe resonances in the guided mode. These resonances scatter light back in the free-space modes and therefore provide a way to engineer the grating reflectivity and transmissivity. The phase response associated with the resonantly scattered light can be used to control the phase front of the reflected light [3] and therefore build flat optical devices that act as non-planar mirrors. One would expect that silicon GMR gratings would not work in the visible range because of the strong absorption of silicon at those wavelengths. Figure 1 -(a) instead shows that, if one chooses a thin (180 nm) silicon layer to build the grating, reflectivity in excess of 80% can be obtained for TM polarized light at 650 nm. 
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Standard blazed diffraction gratings use a 3D groove shape to achieve the right phase profile (see bottom picture of Fig.1-(b) ). Blazed gratings are more complex to fabricate than binary gratings, and suffer from shadowing effects which limits their practical efficiencies. Using the spatial modulation of GMRs we can build a phase profile that mimics an optimal blazed grating for the first diffracted order. We designed a grating operating with TM polarization at 650 nm wavelength with a first order diffraction angle θ 1 =10°. Using crystalline silicon, the optimum grating thickness was found to be in the range 160-180 nm, thin enough to greatly reduce the effects of silicon absorption. Due to a limitation in the fabrication capabilities we decided to design a grating that has the phase profile shown by the red curve in the top graph of Fig.1-(b) . The ``flat'' portion of the grating contributes to diffraction in the zeroth order of the grating (specular reflection). This effect can be observed in the table in Fig 2. Figure 2 shows the results of the grating scattering at 10° angle of incidence measured using a spectroscopic ellipsometer. The main plot shows the light intensity versus the scattering angle (measured relative to specular reflection). The light is strongly scattered in the first order with a weaker scattering peak at the second order around 20°. Observe that, close to the design wavelength of 650 nm the second order scattering is effectively suppressed while the first order has maximum intensity. The inset of Fig. 2 shows the change in the reflection angle as a function of the incident wavelength. The grating dispersion is equivalent to that of a grating of period 3.4 μm, this is in agreement with the period of the super-structure shown in Fig. 1(d) .
Experimental results
To measure the power scatters in all diffraction orders so we used a laser (λ = 640 nm) at an angle of incidence of ~5°. The table in Fig 2 shows the result of the measurement. As expected the largest amount of power is directed in the first order with some power left in the zeroth order due to the configuration of the grating. The other orders combined contain approximately 5% of the power.
We have introduced an application of GMR to blazed binary diffraction gratings. These gratings are fabricated a straightforward lithographic process. Given the flexibility of the fabrication technique it is also possible to build curved diffraction gratings with high numerical apertures with a process that is identical to the one used for a flat gratings. In addition we have shown that silicon GMRs can be used for visible wavelengths, provided that the gratings parameters are appropriately chosen. OSA/ CLEO 2011 CFA6.pdf
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